Introduction
MeCP2 is a nuclear protein that binds to methylated DNA sequences in the mammalian genome (1) . Several studies have shown that MeCP2 associates with transcriptional repression factors and chromatin remodeling activities through a transcriptional repressor domain (2) . Other identified domains of MeCP2 include an A/T hook, supposed to participate in the binding to DNA (3, 4) , and a motif that specifies interaction with WW domain splicing factors located in the C-terminal region (5) .
Although MeCP2 is expressed in most cells and tissues, its relevance to neuronal function became apparent with the finding that mutations in the MECP2 gene cause Rett syndrome (RTT, 6) . RTT is a childhood disorder characterized by apparently normal early development followed by loss of purposeful use of the hands, stereotypic hand movements, deceleration of brain and head growth, gait abnormalities, seizures and mental retardation (7) . RTT was considered for a long time to be of exclusive female occurrence, with a prevalence of approximately 1 in 10,000 births, but an increasing number of male cases with MECP2 mutations are now being reported (reviewed in 8).
The causative role of MECP2 mutations in the etiology of RTT was further confirmed by the generation of mutant mice for Mecp2. Initial attempts to generate Mecp2 null mice 4 exhibit RTT-like features: a period of apparently normal development followed by a severe progressive neurological dysfunction that includes abnormal gait and movements, irregular breathing, tremors, decreased mobility and alterations in synaptic plasticity and synapse number (14) (15) (16) . Null males die at ~8-12 weeks of age (10, 11) while late truncations of MeCP2 allow the mice to survive to adulthood (13, 17, 18) .
Engineered alleles carrying intronic insertions sometimes behave as hypomorphs due to disruption of regulatory elements of gene expression or RNA processing (19) (20) (21) . Since the conditional Mecp2 allele created to delete exons 3 and 4 contains in additon to an intronic insertion, an exonic insertion of a TK-neo cassette, we decided to examine the phenotype of Mecp2 lox/Y males as potential hypomorphs. This is an important issue in the context of human pathology, because situations of decreased function (e.g., through noncoding mutations of MECP2, abnormal protein interactions, etc) are likely to occur in the human population. We found that the Mecp2 floxed allele (Mecp2 lox ) behaves as a 5 10.2 kb (22) . The Mecp2 lox allele generated by Guy et al carries two insertions: a small insertion that includes a loxP site in the distal part of intron 2 and a larger insertion of a human β-globin intron and polyadenylation signal followed by a 1.2 kb TK-neo selection cassette and another loxP site (10) . Thus, the Mecp2 lox allele could potentially only generate the shorter 1.8 kb transcript due to interruption of the 3'UTR sequences by the exogenous insertion ( figure 1A ). This modification of the repertoire of MeCP2 transcripts could be consequential, since normally the most prevalent MeCP2 transcript in the brain is the 10.2 kb isoform (22, 23) , not produced in the Mecp2 lox/Y mice as demonstrated by the absence of the corresponding amplicon in RT-long range PCR assays (figure 1B).
The high degree of sequence conservation of the 3'UTR region (figure 1A) suggests the presence of domains that could be functionally important. In fact, it harbors several highly conserved miRNA recognition elements (24, 25) . figure 2 ). The specificity of the effect was revealed by staining for calbindin, NeuN and neurophysin. No difference was detected for any of these markers, indicating a specific reduction in MeCP2 expression (figure 2 and data not shown). Remarkably, the decrease in MeCP2 immunoreactivity in the Mecp2 lox/y mice was not uniform throughout the brain.
Decreased levels of MeCP2 in neurons of
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The most dramatic difference in MeCP2 intensity was seen in the hypothalamus ( figure   2A and A') and the mammillary nuclei (supplementary figure 1) . The cerebellum was the region that showed the least difference ( figure 2E and E').
Since Mecp2 is located on the X chromosome and subject to X chromosome inactivation, heterozygous females carrying a floxed and a wild type allele simultaneously will be mosaic in terms of the active allele. However, a subtle but consistent clasping was observed in these hypomorphic mice starting at 6 weeks of age. The response to the visual placing reflex (forepaw extension when lowered toward a visible surface) and the reactions to a gentle touch from a cotton swab to the whiskers on each side of the face were both in the normal range (data not shown An important feature of RTT patients that was also recapitulated in mouse models of the disease is the presence of abnormal social interactions. We tested the sociability of Mecp2 lox/Y mice, as well as their preference for social novelty by the use of the three chamber test (31) . This test is based on the fact that mice are highly social individuals and display a natural tendency to approach and engage in social interactions with an unfamiliar mouse. After letting the subject mice to freely explore the test chamber for 10 min, their tendency to socially interact with another mouse was measured by giving the subject mouse the choice to be with an unfamiliar mouse (stranger1, confined in a wired cage) versus an empty wired cage during 10 min. Afterwards, a second unfamiliar mouse (stranger 2) was introduced into the empty wired cage to allow the subject mouse to choose which mouse to interact with, the now familiar stranger 1 or the unfamiliar stranger 2, for an extra 10 min period to measure social novelty preferences (32 
Discussion
The recent advent of mouse molecular genetics has dramatically increased our understanding of gene function and the pathological consequences of their malfunction.
In particular, the use of knockout mice has led to many insights into the physiological function of many genes (33) . However, for some cases, loss of function analysis requires the complementation of more sophisticated alleles to decipher gene function. For instance, a mutation which induces embryonic lethality precludes the study of gene Although it has been reported that the half lives of the 1.8 kb and the 10.2 kb transcripts do not differ significantly in Raji cells (36) , the stability and/or translatability of these transcripts could differ in brain cells. Indeed, it has been recently reported that MeCP2 protein levels are regulated by the brain-enriched microRNA miR132 (25) . Therefore, we set out to determine if the lack of the major brain MeCP2 mRNA isoform derived from alternative use of polyadenylation sites was of any phenotypic consequence.
We found that the immunoreactivity for MeCP2 was decreased to 90-30% of wild type levels in neurons of Mecp2 lox/Y mice. This reduction in MeCP2 was widespread but with some regional differences, the biggest difference presented by hypothalamic neurons and the smallest difference was observed for the cerebellum. A decrease in MeCP2 levels was also observed in Mecp2 lox/lox female mice in a pure 129 genetic background, indicating that this is not a sex or genetic background-specific effect (data not shown). The striking decrease in MeCP2 levels in the hypothalamus, area specialized in the integration of the control of energy homeostasis, suggest that the origin of the overweight phenotype could stem from misexpression of MeCP2 hypothalamic targets.
Notably, abnormalities in body weight were observed in mice lacking functional Mecp2 In summary, our study establishes that the Mecp2 lox allele is hypomorphic and therefore interested researchers in generating tissue-specific deletions of Mecp2 through cre-mediated recombination should be cautious; that the 3 UTR of Mecp2 might contain important regulatory regions whose mutation could contribute to pathological conditions including anomalies of body weight and motor control; and finally that the phenotype caused by a significant reduction in MeCP2 levels in mice is much less severe than the phenotype caused by the lack of functional MeCP2 or a more modest increase in MeCP2 levels. This last conclusion, together with the demonstration that post-symptomatic activation of MeCP2 expression leads to phenotypic reversal in a mouse model of RTT (47) brings hope for future therapeutic approaches aimed at restoring MeCP2 expression. 
Materials and methods
Animals
Real-time RT-PCR
Total RNA from brain (without cerebellum) was extracted with Trizol 
Phenotypic Testing and Behavioral Overview
Elevated Plus Maze
Mice were placed in the center of a cross-shaped maze elevated 45 cm from the floor with two open and two closed arms. The behavior of the mice was observed and the time spent in either the closed or open arm or in the center of the maze was recorded. The data were analyzed using the Student't test.
Open Field
Mice were tested for their motor, rearing and exploratory activity in a photobeam system open field (Med associated Inc.). The mice were placed at the center of the field and the activity of the mice was recorded during 30 min, in 10 min intervals. Data were analyzed by two-way ANOVA.
Motor Abilities and Reflexes
Motor abilities were tested by assaying dowel and hanging wire tests and sensory reflexes by visual placing, whisker touch and righting positioning. The dowel apparatus consists of two elevated platforms that are enclosed by walls in every side except in the side that connects them through a 70 cm long dowel of 0.7 cm radius. Before testing, mice were placed on one of the platforms and allowed to habituate for 1 min, then moved to the opposite platform for another min. Thereafter, mice received a short training, placing them on the dowel 10 cm away from one of the platforms. All mice reached the platform in the first 90 sec, thus were further assessed. Next, mice were placed in the middle of the dowel and the time of first arrival, the total number of arrivals and the number of falls were recorded. The hanging wire test was performed by hanging the mice 23 by its forepaws from a suspended wire and recording the number of falls in 1 min. Data were analyzed by Student's t test.
Social Behavior and Interaction
We used a social interaction paradigm that assesses social interest and social recognition. Mice were placed into a three-chamber divided cage (60 x 40 x 22 cm) and allowed to habituate and explore the new environment for 10 min. Thereafter, the social interest was assessed by placing an adult mouse into a wire mesh enclosure located in one cage extreme and an empty wire mesh enclosure in the other extreme and allowing the subject mouse to explore for 10 min. After that time, social recognition was assessed by placing a new adult mouse into the empty wire mesh enclosure and allowing 10 more min. of exploration. After finishing the test, all animals were returned to their home cages. Data were analyzed by Student's t test and two-way ANOVA.
Olfactory test
Olfaction was tested as in Moy et al., 2007 (48) . Mice were fasted for 20 h and introduced in a 28x28x11 cm cage containing a layer of 3 cm of bedding material and allowed to explore for 5 min. The subject mouse was then removed and a food pellet (of approximately 2 cm long) was buried into the bedding material. The mouse was reintroduced in the cage and allowed to find the hidden food for 15 min. The latency to find the food pellet was recorded. The data were analyzed by independent-samples t-test. 
Legends to figures
